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To investigate the hierarchical structure of psychopathology, we employed an exploratory approach, 1 3 7
given uncertainties regarding the number of dimensions and the composition of the levels of the 1 3 8 hierarchy. Specifically, we used exploratory factor analysis (EFA) to empirically extract (with principal 1 3 9 component analysis) and rotate (with promax) factor solutions with an increasing number of factors. To 1 4 0 avoid distorting the factor structure in EFA with items that were not analyzable due to being endorsed too 1 4 1 infrequently or too-highly correlated with other items, 45 we removed items which frequency was too low 1 4 2 (<1% rated as 1 or 2) and aggregated items that were highly correlated (polychoric r>.75) into composites 1 4 3 (see Supplementary Method 1). The maximum number of factors to extract was determined with parallel 1 4 4 analyses 46 (extraction was stopped when eigenvalues fell within the 95% confidence interval of 1 4 5 eigenvalues from simulated data; Supplementary Figure 1 ). Since parallel analysis has a tendency to over-1 4 6 factor, we also examined the interpretability of factor solutions, 45, 47 defined as presence of >3 clear 1 4 7 primary loadings (highest loading ≥ .35 and at least .10 greater than all other loadings) for each factor. 45, 47 1 4 8
All factor structures from one to the maximum number of factors were considered. To map the 1 4 9 hierarchical structure, we correlated factor scores on adjacent levels of the hierarchy to describe 1 5 0 transitions between levels using Goldberg's hierarchical method, 29 in line with previous work. 30, 48, 49 The 1 5 1 1 7 0 3.1. Hierarchical factor structure of CBCL and ASR 1 7 1 3.1.1. CBCL 1 7 2
Parallel analyses indicated that up to 17 factors could be extracted from CBCL items (Supplementary 1 7 3 Figure 1 ). After examining interpretability of these factor solutions, 1-to 5-factor solutions were found to 1 7 4 be acceptable (Table 1 , Supplementary Table 1 ). Solution with more than five factors were not tenable as 1 7 5 each included at least one factor without any primary loadings (e.g., Supplementary Table 1 ). 1 7 6 1 7 7
All models from 1-factor to 5-factor were interpretable and are represented as a hierarchical structure 1 7 8 ( Figure 1) , with paths showing correlations between levels. The 1-factor structure reflected a general 1 7 9 childhood psychopathology p-factor. 5, 14 The 2-factor solution revealed the expected broad internalizing 1 8 0 and broad externalizing factors. 15, 19, 50 In the 3-factor structure, the broad externalizing factor split into 1 8 1 externalizing (e.g. rule-breaking and aggressive behavior) and neurodevelopmental factors (e.g. 1 8 2 inattention, hyperactivity, impulsivity, clumsiness, speech problems). In the 4-factor solution, 1 8 3 somatoform problems emerged from the broad internalizing factor. In the 5-factor structure, the broad 1 8 4 internalizing factor split into narrower internalizing problems (e.g. anxiety, depressive symptoms) and 1 8 5 detachment. Factors in the final 5-factor solution showed small-to-large correlations with one another 1 8 6 (r=.27-.55) (Table 1) Parallel analyses indicated that up to 17 factors could be extracted from ASR items (Supplementary 1 9 0 Figure 1 ). The 6-factor solution was the most differentiated interpretable structure (Table 2, 1 9 1 Supplementary Table 2) , as factor solutions with more factors were not interpretable. For example, the 1 9 2 last factor in the 7-and 8-factor models included only two-to-three primary loadings, thus indicating no 1 9 3 other meaningful factors beyond six ( Supplementary Table 2 ). 1 9 4 1 9 5
All models from 1-factor to 6-factor are represented in Figure 1 . The 1-factor structure reflected p-1 9 6 factor. 11 The 2-factor solution showed the broad internalizing and externalizing factors. 17 In the 3-factor 1 9 7 structure, a factor encompassing disinhibited (e.g. poor planning) and somatoform problems (e.g. 1 9 8 complains about aches) originated from the broad internalizing and externalizing factors. In the 4-factor 1 9 9 solution, the somatoform-disinhibited factor split into separate disinhibited and somatoform dimensions. 2 0 0
In the 5-factor structure, externalizing and broad internalizing factors reorganized into detachment/rule-2 0 1 breaking, aggressive-intrusive, and internalizing factors. In the 6-factor solution, the disinhibited factor 2 0 2 split into disinhibited and neurodevelopmental (e.g. clumsiness, hyperactivity) dimensions; and rule-2 0 3 breaking behaviors joined aggressive and intrusive behaviors to form an antagonistic factor, leaving a 2 0 4 distinct detachment dimension. Factors in the final 6-factor solution showed small-to-large correlations 2 0 5 with one another (r=.08-.55) ( Zero-order correlations between the five childhood and six adult factor scores ranged between r=.14-.44, 2 1 0 P<.001 (Table 3 ). The correlation between child and parent p-factor scores was r=.61, P<.001. This 2 1 1 pattern suggested substantial familial aggregation of a common vulnerability, explaining co-occurrence 2 1 2 across psychopathology dimensions. Controlling for these two p-factors revealed a more specific pattern 2 1 3 of familial aggregation between corresponding parent and child dimensions, except for child externalizing 2 1 4 with parent disinhibition (largely encompassing adult symptoms not included in the childhood measure). 2 1 5
All other convergent partial correlations ranged between r=.10-.19 (P<.001) and were significantly larger 2 1 6 than all discriminant partial correlations, based on Fisher's z tests (Table 3) The 1-factor solution was significantly associated with all validators (Figure 2 , Supplementary Table 3 ). 2 2 0
The p-factor alone explained 13.43% of the variance in utilization of mental health services, and addition 2 2 1 of more differentiated factors, although statistically significant, produced minimal improvement in R 2 (up 2 2 2 to 14.38%). For medication use, medical history, family conflict, and school connectedness, the p-factor 2 2 3 alone explained 2.57-2.95% of the variance, and the addition of more complex factor structures provided 2 2 4 a moderate increase, contributing up to 4.02-4.93% of variance. For crystalized intelligence and fluid 2 2 5 intelligence, the 1-factor model predicted only a small proportion of variance (.60% and 1.79% 2 2 6 respectively), with a substantial increase in R 2 by adding the 2-, 3-and 4-factor solutions (up to 3.46 and 2 2 7 4.18% respectively), but not the 5-factor solution. The 1-factor accounted for a relatively small proportion 2 2 8 of the variance compared to the more complex factor solutions for average grades (from 7.81% for p-2 2 9 factor to 19.34% total), number of friends (.12% to 3.28%), and history of developmental delays (.37% to 2 3 0 2.94%). 2 3 1 2 3 2
In the 5-factor solution, the highest correlation for family conflict was with the externalizing factor 2 3 3 (r=.20) ( Supplementary Table 3 ). Crystalized intelligence, fluid intelligence, and average grades showed 2 3 4 the highest correlations with the neurodevelopmental factor (r between -.12 and -.37). Number of friends 2 3 5 and developmental delays were most associated with detachment (r=-.15 and .12). In contrast, mental 2 3 6 health services, medication use, medical history, and school connectedness showed generally non-specific 2 3 7 correlations with psychopathology dimensions. This study provides the most comprehensive examination of the hierarchy of psychopathology spectra to-2 4 3 date, in analyzing a wide range of symptoms and maladaptive behaviors, systematically explicating it 2 4 4 across multiple hierarchical levels, considering both children and adults, and validating the structure 2 4 5 against various clinically-relevant measures. In children, we found five spectra at the lowest level of the 2 4 6 hierarchy: internalizing, somatoform, detachment, externalizing, and neurodevelopmental. In adults, we 2 4 7 observed the same dimensions, except for separate disinhibited and antagonistic factors instead of a single 2 4 8 externalizing factor at the lowest level. We further found substantial familiality of the identified 2 4 9 psychopathology factors, largely explained by familial aggregation of the p-factor. Yet, the five childhood 2 5 0 dimensions also showed specific links to corresponding parental dimensions. The p-factor was sufficient 2 5 1 to account for some clinical validators (e.g., service utilization), but all five dimensions were needed to 2 5 2 explain other validators, such as developmental delays, and social and educational functioning. These 2 5 3 findings support the value of explicating multiple higher-order dimensions of psychopathology. They 2 5 4 further suggest that the neurodevelopmental spectrum should be considered for inclusion in dimensional 2 5 5 models of both childhood and adult psychopathology. Overall, the identified hierarchy depicts robust and 2 5 6 informative dimensional phenotypes for the ABCD study baseline, paving the way for future research on 2 5 7 this cohort. 2 5 8 deprivation, 14 and executive functioning. 27 They are inconsistent with studies linking cognitive abilities 3 0 1 primarily to the p-factor, 11, 41 potentially because these studies did not model the neurodevelopmental 3 0 2 dimension, the strongest correlate of fluid and crystalized intelligence in this study. 3 0 3 3 0 4
The present study had the following limitations. First, it was limited to one assessment system, thus 3 0 5 generalizability of the findings needs to be tested with other measures. Nevertheless, the hierarchy is 3 0 6 largely consistent with previous studies using different measures 21, 23, 30, 53 suggesting at least partial 3 0 7 generalizability. Second, only one parent completed both the CBCL about the child and the ASR about 3 0 8 themselves, which may have inflated the similarity between childhood and adult psychopathology 3 0 9 structures due to rater biases. Although this limitation is common to much of the existing literature on 3 1 0 parent and offspring psychopathology when children are too young to provide comprehensive self-3 1 1 reports, and a number of our validators were objective (e.g. cognitive testing) or self-report (e.g. number 3 1 2 of friends) measures, future research should replicate the current results with child self-and additional co-3 1 3 informant reports. Third, only one time point was included, as longitudinal data were not yet available 3 1 4 from the ABCD study at the time of writing. Future waves of data in this unique sample will provide the 3 1 5 unprecedented opportunity to examine the hierarchy of psychopathology over the course of development 3 1 6 and the predictive validity of childhood factors on a variety of adolescent and young adult outcomes. 3 1 7 3 1 8 1 4
In conclusion, the present results clarify the hierarchy of psychopathology dimensions in children and 3 1 9 adults using data from one of the largest initiatives to study youth development and psychopathology to 3 2 0 date. The study replicates higher-order dimensions identified previously, 8 and suggests addition of the 3 2 1 neurodevelopmental spectrum to dimensional models of psychopathology. The identified higher-order 3 2 2 dimensions represent valid constructs able to explain various clinically-relevant risk factors and 3 2 3 outcomes, such as developmental delays and academic achievement. Our investigation further provides a 3 2 4 guide for future research to use these higher-order psychopathology dimensions in the ABCD sample. 3 2 5
New data releases will allow researchers to replicate current results and apply the identified hierarchy to 3 2 6 additional clinical, functional, and neuroimaging measures to study the interplay of psychopathological 3 2 7 dimensions with adolescent development. Factor loadings (top) and factor correlations (bottom) for the 5-factor All factor correlations were statistically significant (P<.001). CBCL=Child Behavior Checklist, 5 2 4
F1=Externalizing factor, F2=Neurodevelopmental factor, F3=Internalizing factor, F4=Somatoform factor, 5 2 5 F5=Detachment factor. 5 2 6 3 0 All factor correlations r≥.12 were statistically significant (P<.05). ASR=Adult Self Report, 5 3 0
F1=Antagonistic factor, F2=Neurodevelopmental factor, F3=Disinhibited factor, F4=Internalizing factor, 5 3 1
F5=Somatoform factor, F6=Detachment factor. 5 3 2 3 6 Table 3 . Zero-order (top half) and partial correlations (bottom half) between the dimensions in the 5-and 6-factor structures from CBCL and ASR 5 3 3 items, respectively, controlling for childhood and adult p-factors 5 3 4 5 3 5 
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